In the course of experiments on measurement of the effects of processing on nonlinear characteristics of silver halide holograms recorded in Agfa-Gevaert 8E75HD emulsions we found that, under certain circumstances, the AAC developer acted as a semi-physical developer instead of the normal chemical developing action. The developed and fixed holograms were of low optical density (<0.5) and of high diffraction efficiency (up to 15 %). Phase contrast microscopy revealed that very clean phase gratings were obtained. This effect of the AAC developer was due to the replacement of one of its components, sodium carbonate of "purest grade" with that of "for analysis grade" of the same company.
INTRODUCTION
In case of chemical or direct development the silver ions in the vicinity of the latent-image spec are reduced to silver atoms by the developer. There is another type of development, called physical development. In this case the developer contains silver ions, and those ions are transferred to the silver centres in the emulsion (the initial latent-image specs or the silver centres produced already via chemical development). The silver ions are then reduced to silver atoms by the developer. The semi-physical or solution-physical development differs slightly from the physical one in that the silver ions involved in the process are provided from the silver-halide grains of the emulsion itself. The semi-physical developers contains silver-halide solvents, such as ammonium thiocyanate or high amounts of sodium sulphite. The developer initiates the dissolution of the exposed grains. Chemical development produces mostly filament-like structures of silver, while physical or semi-physical development yields compact silver plates.
Physical development is particularly useful for processing ultra-fine grain emulsions. Research and development on such materials was done mainly in the Soviet Union in the first decades of laser holography. Good summaries of the principal activities in this field can be found in the books of Syms [1] and Bjelkhagen [2] . The following brief review of some important works in this field is based on these monographs. The first report from the Soviet Union on the production of unbleached phase holograms in very fine-grain emulsions was of Denisyuk and Protas [3] . They increased the very low initial sensitivity of the emulsion via hypersensitization by triethanolamine. (Other methods of sensitization were checked, too, and were compared by measuring the density of the processed emulsion as function of the exposure.) As a solution-physical developer, Lehmanm's ammonia-pyrogallol developer was used by them, Andreeva and Sukhanov [4] used a modified version of the pyrogallol developer with the so called 'Valenta' type emulsion that has a grain size of about 30 nm and a thickness of 7 m. They obtained 20 % diffraction efficiency at and about 15 nm bandwidth at 633 nm. Denisyuk obtained artistic holograms of excellent quality in the experimental fine-grain (<10 nm) emulsion PE-1 [5] .Diffraction efficiencies above 50% were achieved with that emulsion. According to a paper of Usanov et al. [6] , solution-physical development gives amplitude holograms when the size of the developed silver particles is quite large, and phase ones when their diameters are 15-20 nm, small enough to alter the index of refraction of the material around them. They found that the average diameter of the developed silver particles decreased with increasing exposure, and the variation around the average grain size decreased with increasing developing time. Verbovetskiy et al. [7] studied the effect of physical development of YRL type photoemulsions on the parameters of phase holograms of binary information. They proved that physical development can be used for the production of low-noise holograms with binary information content. The first theoretical model for the semi-physical development of silver halide emulsions was developed by Zhang et al. in China [8] . They showed that the combination of the Maxwell-Garnett effective -medium theory with the (first order) coupled wave theory can give good predictions on the optical and spectral properties of semi-physically developed holograms, as well as on the dependence of their diffraction efficiency on various parameters. In their experiments they used the Chinese fine-grain holographic plates HEP-RAI, that yielded spherical silver particles of an average diameter between 10 and 30 nm upon semi-physical development. They achieved diffraction efficiencies up to about 55 %,in good agreement with their model.
As for the semi-physical development of Western holographic recording materials, in particular the Agfa HD emulsions, the first reports appeared only in the seventies. Ruzek and Fiala [9] produced reflection holographic portraits in Agfa Gevaert 8E75 emulsions at X = 633 nm. Actually the reflection holograms were produced from the transmission master holograms recorded with Q-switched ruby laser. They used the well-known solution-physical developer GP-8. They obtained highquality holograms with efficiencies up to 30%. Optimum exposure proved to be around 300 J/cm2, i.e. 10 times higher than in case of chemical development. Aliaga et al. [10] used the same holographic recording material as the authors of the present paper, Agfa-Gevaert 8E75HD. They used the so-called CPA-i processing technique, a slightly modified version of the GP-8 developer. The main difference between the two processing was in the development time. Processing in GP-8 lasts for 6 minutes, while in CPA-i only for 2 minutes. Shortening the development time in case of the Agfa material was indispensable because of its higher sensitivity. Exposure levels between 500 and 1000 ptJ/cm2 were used in that work. They obtained reflection holograms with very low noise and diffraction efficiencies of over 40% when the plates were sensitized in triethanolamine. They claimed that the use of deionised water significantly improved their results. The same authors claimed in another report [ii] that the solutionphysical developer CPA-i followed by a fixation step produced holograms with high archival stability combined with diffraction efficiency up to 26% for Agfa-Gevaert 8E75 HD materials. Another advantage was the improved linearity of the process. These latter results are to be compared with those of the present work.
Bonmati et al. [12] investigated four different solution-physical developers for processing reflection holograms on specially made silver-halide emulsions containing various silver-halide concentrations. They found that the Russian developers GP-2 and GP-8 were the best. Leclère et al. [13, 14] investigated solution-physical development and optimized a developer consisting of pyrogallol, sodium hydroxide and ammonium thiosulphate for the Agfa-Gevaert 8E75 HD emulsion.
In this paper we report on the semi-physical developing effect of the developer AAC that we used for standard processing of bleached holograms in Agfa-Gevaert 8E75 HD plates. We discovered this effect by chance, and found that it was due to one of its constituents, sodium carbonate. In the following detailed description of our experimental results is given.
EXPERIMENTS

Experimental conditions
As mentioned before, we discovered the semi-physical developing effect of the AAC developer accidentally, in the course of our experiments on the characterization of bleached holograms and the quantitative comparison of various processings [15, 16] .
Plane wave holograms were recorded on Agfa-Gevaert 8E75HD NAil emulsions on rectangular glass substxates with dimensions of 64 mm x 64 mm x 1.5 mm. A helium -neon laser operating at 632.8 nm was used for the recording and the reconstruction. The interbeam angle was 45, thus the spatial frequency of the gratings was about 1200 line pairs! mm. Hologram pairs at seven values of fringe visibility, namely at V=0.2, 0.4, 0.6, 0.8, 0.9, 0.95 and 1.0 were recorded. Twelve hologram pairs at exposures ranging from 10 pd/cm2 to 1.6 mJ/cm2 were recorded at each visibility. The total intensity at recording was maintained constant at 400 pW/cm2 +-1% throughout the experiments. The first element of each hologram pair was developed and fixed to obtain an absorption hologram and the second one was developed with the same developer and bleached, without a fixation step. The beam ratios were set by adjusting a variable beam splitter and inserting appropriate neutral density filters in the unexpanded object beam.
The compositions and the processing conditions of the AAC developer used in the related part of the experiments is shown in Table I . All absorbtion holograms were fixed in Kodak F24 fixer for 5 minutes. Composition of the bleach is not relevant to the present work, neither is that of the other two developers used in our experiments, but can be found in [16] . All the holograms were processed simultaneously. 
Results
After all the holograms were processed, optical density of the absorption holograms and diffraction efficiency of the phase holograms were measured. Care was taken to minimise the effects of stray lights. When measuring low intensities (efficiencies below 0.1% and optical densities above 3) the detector was capped by a black box that admitted only light coming directly from the hologram. The intensity of stray light was always checked. Both the optical density and the diffraction efficiency were corrected for reflection losses. In the case of the optical density measurements the intensity of the reflected beam was also measured and subtracted from that of the incident beam. In the case of the diffraction efficiency measurements reflection losses were calculated from the Fresnel-formula instead of measuring the reflected intensity, because the latter proved to be uncertain due to the presence of some
Due to the fact that we measured the before-bleach optical density of each hologram, we could constantly check the proper working of the developer. In the course of our experiments at a certain time our stock of sodium carbonate ran out, and we had to used the "for analysis" grade product of the same manufacturer instead of the "purest" grade one used so far. We found that the plates processed to obtain absorption holograms came out in light brown colour instead of grey, and their optical density was much more lower that expected. Then we performed various checks to find the cause of that anomaly. We repeated the experiments under well controlled conditions, and obtained always "brown" holograms with the new solution of the AAC developer.
It was relatively easy to identify the constituent responsible for the effect, since we knew that the only change in the preparation of the developer solution was the change from "purest" grade sodium carbonate to "for analysis one". So, to check the results we repeated the measurements using a new solution of the developer made this time with "purest" grade sodium carbonate. As expected, this processing gave the correct results, i.e. normal absorption holograms of grey colour.
We measured the optical densities of both the semi-physically developed (brown) holograms and the absorption (grey) holograms. Some representative results can be seen in Figs. 1 and 2 . It can be seen that the highest optical density of the semi-physically developed holograms (about 0.4) was less than one tenth of that of the chemically developed ones (about 5.0). The whole experiment was repeated three times and the results reproduced well. So it turned out that the dip in the optical density of the semi-physically developed holograms (in the 200 -110 /LJ/cm2 exposure region) is really a kind of To obtain further verification of our results we studied the holograms with phase contrast microscopy. We used a Labophot-2 type microscope with phase contrast attachment manufactured by Nikon. Both dry (40X) and immersion (100X) objectives were used. All the phase contrast-and normal micrographs presented in the following figures were taken by immersion objective so that the effect of any possible surface structure was cancelled.
Hologram No. 6 is just near the peak of the diffraction efficiency. Its profile is more uniform, with a higher modulation (Fig. 7) .
Phase modulation of hologram No. 9 is higher than that of hologram No. 6, but its diffraction efficiency is lower. Noise is still relatively low. (Fig. 8) A reduced phase modulation and increased noise can be seen in Fig. 9 , where phase contrast micrograph and profile of the hologram corresponding to the tenth point in Fig. 3 is presented.
The same series of semi-physically developed holograms was studied with ordinary microscopy, two.
Presence of a very weak absorption grating could be detected. So, in fact these holograms can be considered as mixed, phase and absorption gratings, with the phase one being the dominant.
The corresponding series of chemically developed holograms was also studied by phase contrast and ordinary microscopy. As mentioned above, the only change between the two series of exposures that gave completely different holograms was the use of "for analysis" grade sodium carbonate instead of the "purest" grade one. So it was clear that this constituent of the developer solution was responsible for the production of semi-physically developed, brownish holograms. To try to reveal the mechanism, we measured the pH of the developers prepared with both types of sodium carbonate. Several measurements were carried out, and the pH of the AAC developer was always between 9.9 and 10.0 when "for analysis" grade sodium carbonate was used, and between 10.8 and 1 1 when the "purest" grade one was used, ie. a there was a difference of about 1.0 between the two solutions. We checked the developers for any possible pH change during the exposure, but we found that the pH of the developers remained the same at the end of the development. This difference in pH can be attributed to two facts. According to the Panreac company, producer of both types of Na2CO3, there are more impurities in the "for analysis" grade material. Furthermore, the "purest" grade sodium carbonate is richer (acidim.) (99.5 -100.5%) than the "for analysis" grade.
In the developer of lower pH, made of "for analysis" grade sodium carbonate, chemical development is inhibited, and it is the semi-physical development that dominates. Neither the composition nor the development time have been changed so far, so that this process of producing semi-physically developed holograms is not optiniised yet. The relatively high diffraction efficiencies obtained and the low noise in the holographic gratings enable us to hope that this method may become useful in practical holography.
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